Recently, considerable interest has developed i n t h e properties and electrodynamics o f surface electromagnetic waves (SEWs) on rough interfaces (e.g., surface enhanced Raman scattering, l i g h t emission from metal-oxide-metal junctions, etc.) /1-9/.
A systematic method o f investigating these, a n d similar phenomena is t o determine t h e effect o f a well defined corrugated surface (a g r a t i n g ) on t h e properties o f SEWs /IO-14/.
The presence o f a g r a t i n g on t h e surface permits coupling between radiative modes and SEWs, which are nonradiative, and also coupling between SEWs. T h e theoretical methods developed b y Toigo et al /5/ have been widely applied i n t h i s field and exact numerical calculations have been c a r r i e d o u t b y Mills, Maradudin and more recently b y Garcia and coworkers i n a number o f systems /6-9/. U p t o now, most experimental a n d theoretical w o r k has concentrated on t h e effect o f g r a t i n g amplitude and period on t h e coupling between SEWs and radiative waves and t h e dispersion of t h e SEW. Garcia's calculations have demonstrated t h e influence of t h e g r a t i n g p r o f i l e on t h e coupling and this has been confirmed experimentally f o r t h e case of higher o r d e r coupling i n t h e minigap region where a degeneracy exists between counterpropagating SEWs /14/.
Unfortunately, due t o t h e scarcity of theoretical work on h i g h e r o r d e r coupling, it has not been possible t o compare experimental results w i t h theoretical predictions.
T h e g r a t i n g profile effect is more important f o r h i g h e r o r d e r coupling since higher o r d e r harmonics present i n a non-sinusoidal g r a t i n g p r o f i l e can lead t o complicated interference effects /15/.
I n addition, g r a t i n g s fabricated i n real l i f e i n general d o n o t have optically smooth surfaces a n d precisely defined periods. Fluctuations i n t h e g r a t i n g period generate sidebands on t h e g r a t i n g constant which can generate significant consequences i n SEW coupling and dispersion curves 1 6 I n t h i s paper, we illustrate t h e significance o f these considerations b y comparing SEW dispersion curves i n t h e v i c i n i t y o f h i g h e r o r d e r minigaps f o r two g r a t i n g s o f similar period and amplitude, b u t w i t h d i f f e r e n t degrees of g r a t i n g fluctuations.
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where k(w) = (w/c)sinO, w is t h e photon energy, c is t h e speed of l i g h t and 8 t h e i n c i d e n t angle; k t o f i r s t order, is t h e wavevector of t h e SEW i n t h e SP' absence of a g r a t i n g (except i n t h e minigap regions); n is an integer a n d G = 2 n/d is t h e reciprocal "lattice" v e c t o r of t h e g r a t i n g ( d i s t h e g r a t i n g spacing).
Degenerate States o c c u r when t h e dispersion c u r v e s f o r " f o r w a r d " p r o p a g a t i n g ( + k s p ) a n d "backward" p r o p a g a t i n g ( -k ) modes cross, as i l l u s t r a t e d i n F i g u r e SP 1. I f t h e interaction between t h e modes is strong, repulsion can occur and a gap forms i n t h e dispersion relation. T h e magnitude of t h e repulsion, i . e . , t h e minigap size, is determined by t h e SEW-SEW coupling s t r e n g t h .
We have T h e experiment was performed b y m o n i t o r i n g t h e i n t e n s i t y of l i g h t reflected f r o m a metallic g r a t i n g while t h e e n e r g y o f t h e l i g h t was v a r i e d . T h i s was accomplished b y making constant angle scans i n which t h e angle of incidence was k e p t f i x e d a n d the wavelength o f t h e i n c i d e n t l i g h t was v a r i e d (see t h e d o t t e d l i n e i n F i g u r e 1). When t h e e n e r g y and momentum of t h e i n c i d e n t l i g h t matched t h a t of a SEW, coupling o c c u r r e d and t h e reflected l i g h t i n t e n s i t y decreased. The magnitude a n d w i d t h of t h e r e f l e c t i v i t y "dip" is determined b y t h e coupling s t r e n g t h of t h e SEW mode a
h i n g technique (RIE) o r an ion m i l l i n g technique ( I M ) .
T h e g r a t i n g amplitudes were measured u s i n g a scanning electron microscope a n d were f o u n d
t o b e similar ( t h e t y p i c a l g r a t i n g amplitude was = 500 A ) . However, t h e profiles of t h e t w o g r a t i n g s were q u t t e d i f f e r e n t as shown i n F i g u r e 2. T h e I M g r a t i n g h a d a clean, well-defined and constant g r a t i n g p e r i o d while t h a t of t h e RIE g r a t i n g was q u i t e i r r e g u l a r . The w i d t h s o f i n d i v i d u a l lines o f t h e RIE g r a t i n g v a r i e d b y as much as 30%. I n addition, t h e RIE c o r r u g a t i o n p r o f i l e was approximately sinusoidal, b u t w i t h a f l a t t o p
while t h e IM p r o f i l e was more t r i a n g u l a r .
S i l v e r was chosen as t h e metaflic overcoating because of i t s low dielectric loss t h r o u g h o u t t h e visible.
Optically t h i c k ( = 5000 A ) s i l v e r films were thermally evaporated ont0 p r e p a r e d silicon substrates i n a vacuum of 1 x 1 0 -~ t o r r .
T o minimize t a r n i s h i n g , t h e samples were f r e s h l y coated and were mounted i n a d r y n i t r o g e n f i l l e d enclosure d u r i n g measurement.
A d y e laser purnped b y a k r y p t o n ion laser was t h e tunable light source which permited us t o probe t h r e e separate minigaps i n t w o spectral ranges.
Pyroelectric detectors and l o c k -i n amplifiers were employed t o detect t h e normalized reflected i n t e n s i t y .
T h e data f r o m t h e experimental scans were collected w i t h a microcornputer controlled data acquisition system. 
RESULTS
The measured dispersion curves of t h e k = -k +2G and k = k -G SEWS SP s P (termed +2 and -1 coupling processes, respectively) i n t h e v i c i n i t y o f t h e i r crossing are glven i n F i g u r e 3 f o r t h e RIE g r a t i n g and in Figure 4 for t h e I M 4 g r a t i n g . The crossings occur at about t h e same energy (1.320 x 10 cm-' f o r RIE and 1.247 x lo4 cm-' f o r IM) since t h e g r a t i n g periods were similar (1.106 urn f o r RIE and 1.183 pm f o r I M ) . I n addition, t h e magnitudes o f t h e minigaps are almost identical ( -100 cm-' f o r RIE and -110 cm-' f o r IM). As t h e incident angle 6 was varied, the coupling s t r e n g t h ( t h e magnitude of t h e dip) 3 of t h e +2 mode decreased rapidly t o zero at ( k = 4 . 5 8 x h x 10 cm-') f o r t h e RIE g r a t i n g a n d then just as q u i c k l y reappeared, b u t at a h i g h e r energy /14/. I n effect, an additional large (185 c m -l ) "gap" opened u p in t h e dispersion This s t r u c t u r e is asymmetric i n t h a t no analogous feature is present on t h e -1 mode at t h e same energy. For t h e IM g r a t i n g however, while t h e intensity of the + 2 mode went through a minimum at about t h e same k , no additional "gap" was evident.
The width o f t h e coupling d i p f o r t h e RIE g r a t i n g was about 50% l a r g e r than t h a t f o r t h e IM g r a t i n g . T h i s cannot be a t t r i b u t e d t o overcoupling since the g r a t i n g amplitudes are t h e same.
More likely, t h i s broadening is a result of t h e fluctuations i n t h e RIE gratings period which, i n effect, allows coupling t o SEWs over a distribution of incident angles. We suspect that these fluctuations, b y producing interference between t h e sideband and the weak +2 mode, may also be the cause o f the additional feature on t h e +2 branch.
Similar results are observed f o r t h e (-1.3) minigap. F o r t h e RIE grating, there is a large (2290 c m -l ) additional "gap" present on t h e + 3 mode above t h e minigap (which has a magnitude o f 2360 cm-') i n a region where this mode's coupling intensity decreased t o zero.
No such additional gap s t r u c t u r e was observable on t h e IM g r a t i n g .
Further, t h e minimum i n t h e +3 mode intensity occured a t an energy below the minigap energy a n d t h e minigap w i d t h (1140 cm-'1 was significantly smaller than was the case f o r t h e RIE grating. These effects a r e l i k e l y due t o the influence o f the harmonic content o f t h e g r a t i n g p r o f i l e on h i g h e r order SEW coupling. We plan a systematic study of SEW g r a t i n g coupling and dispersion curves i n the v i c i n i t y of minigaps f o r a variety o f well-defined g r a t i n g profiles i n o r d e r to f u r t h e r elucidate the effect o f g r a t i n g p r o f i l e a n d uniformity on SEWs.
